Purpose: Balance is controlled through a complex process involving sensory, visual, vestibular and cerebral functioning which get affected by various neurological disorders such as in stroke. Various types of exercises are designed to address the imbalance that is developed due to these neurological disorders. This study aimed to compare the efficacy of dual-task training using two different priority instructional sets in improving gait parameters in patients with chronic stroke. Methods: This study was a randomized, pretest-posttest experimental group design that compared between two different priority instructional sets (fixed versus variable) of the dualtask training. A convenience sample of thirty patients with chronic stroke due to ruptured middle cerebral artery (mean age±SD = 55.76±5.23; range 48-65 years) was recruited and equally allocated into two groups. Group 1 received dual-task training with fixed priority instructional sets and group 2 received dual-task training with variable priority instructional sets. Both groups were trained for a period of 45 mins each session, 3-sessions per week for 4 weeks. The timed 10-m walk test and foot prints on walkway paper were used to assess the gait parameters (walking speed, stride length and step length) before and after the training session. Results: Within-group analysis revealed a significant improvement (p<0.05) on gait parameters for both the groups. Furthermore, Cohen's d calculation for the treatment effect size revealed highly larger effect size on gait parameters in group 2 (Cohen's d>2 SD) than group 1 (Cohen's d<2 SD) for the all variables. Conclusion: The dual-task training with variable priority instructional sets (group 2) was more effective than dual-task training with fixed priority instructional sets (group 1) in improving gait parameters such as gait speed, stride length, and step length in patients with chronic stroke. Physiotherapists should spread awareness and use this specific set of exercises (variable priority instructional sets) while performing a dual-task balance training program among patients with chronic stroke.
Introduction
Balance can be understood as a complex process that involves the reception and integration of sensory inputs, the planning, and execution of a movement to accomplish a targeted goal of upright posture and the capability to maintain the center of gravity (COG) against the base of support (BOS) in a certain sensory condition either with eye open or closed. [1] [2] [3] Normally, in the standing position, the COG lies slightly forward of the S2-spinal level. The peripheral sensory inputs (vestibular systems, visual, and bilateral somatosensory receptors) contribute to controlling postural balance. 1, 4 Somatosensory receptors provide information about muscle lengthening-shortening, contraction-relaxation, stretch-stress, tension, pain, temperature, pressure, and joint position. 4 Visual receptors contribute to environmental orientation and postural control. 3, 5 The vestibular system contributes to the maintenance of the static and dynamic balance of the head in relation to the COG or change of BOS. 6 This system also contributes directly to postural stability with coordinated antigravity muscular activities. 1, 2 Certain conditions, diseases, or syndromes may lead to a deficit in balance abilities, such as the loss of midline orientation because of the inability to integrate visual, vestibular, and somatosensory responses or vertigo due to unequal firing from opposite sides of the vestibular system. 3, 7 Balance abilities are also influenced by other systems; for instance, attention deficits that reduce a person's cognizance of environmental hazards and opportunities interfere with anticipatory postural control. 8 Injuries to these systems (attention, cognition, and memory) may critically affect the optimal balance function in hemiplegic and head-injured patients. 1 In addition, significant deterioration in the function of the sensory system, reduction in muscle strength/volume/mass, alteration in the motor unit, and postural abnormalities are all risk factors for an impairment in the balance mechanism with the aging, and are responsible for postural instability, falls, and even death. 5, 9, 10 Falls among older adults are a considerable public health issue, as well as a potential reason for injury and even death. 11 They annually affect approximately 33% and 50% of elderly people aged older than 65 years and 80 years, respectively. 10, 12 The neurological disorders, diseases, and syndromes that arise due to aging interfere with the gait pattern, walking speed, and gait stability. 13 Footwear and obesity have been identified as risk factors for postural instability and mobility impairments, respectively, and are thus involved in accidental falls among older adults. 14, 15 Stroke patients face frequent falls while walking because of their physical environment, loss of balance ability, functional impairments and restriction in activities and participation realm; however, the falls reduce as the balance function of the body-system improves. 16 Many systematic reviews and meta-analyses have examined walking and balance ability in stroke patients and reported the efficacy of specific exercise programs, such as aerobic (endurance), strengthening (muscle strength), stretching (flexibility), mobility (range of motion), sensory (single/ combination), and vestibular training combined with dualtask training (walking, postural control, and falls). [17] [18] [19] [20] A dual-task training program is superior to a singletask training program and plays an important role in improving the postural control that aids in improving gait speed and balance abilities among older adults. 21, 22 Dualtask is defined as the ability to accomplish two or more cognitive and motor activities simultaneously while maintaining postural control. 23 In addition, the dual-task paradigm is the primary approach used to assess and establish the interaction between cognitive processes and motor performance. 22 , 23 An obvious instruction regarding attentional focus plays an important role in contributing to the rate of learning and the retention of the dual-task training effect. 22 Dual-task including both motor and cognitive training brought a significant improvement in balance abilities and gait speed among patients with chronic stroke. 24 However, in our knowledge, none of the studies examined the efficacy of dual-task training with either fixed or variable priority instructional sets on gait speed and other gait parameters such as stride and step length among patients with chronic stroke. Therefore, this study needed to assess the gait parameters in patients with chronic stroke. This study aimed to investigate whether dual-task training with variable priority instructional sets is more effective than that with fixed priority instructional sets in improving gait parameters in patients with chronic stroke.
Materials And Methods

Study Design
This study based on pretest-posttest experimental group design.
Ethical Approval
This study followed the ethical standards for human research and obtained an ethical clearance from the ethics sub-committee of King Saud University (ID: RRC-2017-005). A written informed consent was obtained from each participant, and this study was conducted in accordance with the declaration of Helsinki. Furthermore, this study got registered on ClinicalTrials.gov Protocol Registration and Results System (ID: NCT03752788). 
Participants
Thirty participants with chronic stroke were recruited for this study from the out-patents department at neuro-rehabilitation center of our university hospital. 
Procedure
The community living patients with chronic stroke (due to ruptured MCA) called through advertisements in newspaper for the evaluation of the condition of their stroke at the neuro-rehabilitation center of our university hospital. Those who met the inclusion criteria were recruited for this study through a convenience sampling method. These subjects were randomly distributed using online website Randomization.com (https://:www.randomization.com) into groups 1 and 2. Group 1 consisted of 15 patients, who received dual-task balance training with a fixed priority instructional set. Attention was focused on both postural and cognitive tasks throughout this session. Group 2 consisted of 15 patients who received dual-task training with variable priority instructional sets. During the first half of the training session, attention was focused on postural tasks such as step forward, backward and sideway, while during the remaining half of the session, attention was focused on cognitive tasks such as the remembering of words, counting forward (1,4,7,10 …) and backward (… 10,7,4,1) by adding 3 to the digits. 27 The schematic presentation of procedures of this study can be understood through Figure 1 . In postural/motor tasks, subjects were instructed to perform the task with a narrow base of support (reduced stepwidth) on a narrow path marked on the ground. They were instructed to walk forward, backward, step and sideways on that narrow path along with a cognitive task of counting three. In cognitive task, they were instructed to count and add by three to the digits in increasing (1,4,7,10 …) and decreasing (… 10,7,4,1) order while going forward and coming back to the original point, respectively. They were also instructed to walk with narrow base of support, step, sideways, backward avoiding the obstacles (holding a basket) with a cognitive task to remember the words. 23 In the beginning, all the participants received a traditional intervention including slow sustained stretching (hold time 10 s/stretch, 10-repetitions/session) and active range of motion exercises (10-repetitions/session) to the upper and lower extremities. Later on, they received a dual-task balance training sessions of 45 mins per day, 3 times a week for 4 weeks, so as to complete 10-12 hrs of training in order to improve the balance performance. 23 This included 12 repetitions in each session for 30 mins. Excluding the initial 3 repetitions (no cognitive task), the rest 9 repetitions were performed under dual-task conditions.
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The mini-mental state examination (MMSE) scale was used as a screening tool to determine any impaired cognition that would affect the ability of the participant to follow instructions. 27 All the patients performed the timed 10-m walk test comfortably with their own preferred pace before and after the training sessions (12 sessions).
28
Subjects ambulated 9.2 m (30 feet) on a paper walk-way with ink patches on their foot, which left behind a foot print record. Ambulation time for 6.1 m (20 feet) was recorded with a stopwatch. The first and last 1.5 m (5 ft.) of the walk were not used. We obtained footprints on paper walkway to measure stride length and step length. 29 The stride length is the actual distance between the two successive placement of the same foot. 29 The step length is the distance by which the named foot (either right or left) moves forward in front of the other one. 29, 30 The MMSE concentrates only on the cognitive facets of the brain functions. It includes eleven questions to assess general cognitive ability, such as orientation to date, day, season and year; registration (immediate recall); attention and calculation; ability to recall of 3-words and dialect. Its total score ranges between 0 and 30. A score of 24 or below on the MMSE indicates decreased cognitive ability (e.g. dementia), however greater or equal to 25 on MMSE is an indicative of preserved cognitive ability. This test has shown good test-retest reliability with the same (r = 0.887) or different (r = 0.827) examiners. 31 The timed 10-m walk test evaluates gait speed in patients with chronic stroke with high inter-rater reliability results (ICC=0.998) using the Emory Functional Ambulation Profile (E-FAP). 32 The timed 10-m walk test measures gait speed (ICC=0.80) over a short distance in the clinic where people are undergoing inpatient rehabilitation after stroke. 30 Temporal-distance measure using ink footprint record evaluates step length and stride length. 29 Timed Up & Go (TUG) test scores showed excellent reliability (ICC>0.95) and are able to identify the patient's mobility with respect to healthy elderly subjects, such as the gait parameters (ϱ range=0.620-0.900; p<0.05) and walking endurance (ϱ=−0.960; p<0.01) in subjects with chronic stroke. 33 The TUG score correlates with gait speed, balance, functional level, ability to go out, and this score can change over time. 
Results
The present study compares the effect of dual-task training with two different priority instructional sets (Fixed and Variable Priority) on gait parameters in patients with chronic stroke. The ages of group 1 and group 2 ranged from 48 to 64 years and 48 to 65 years, respectively, with a mean (± SD) of 55.93 ± 4.93 years and 55.60 ± 5.53 years, respectively. Furthermore, side of lesion (left/right), the percentage distributions of male and female subjects with their BMI scores, the average scores of MMSE, TUG and E-FAP in group 1 and group 2 are described in Table 1 .
The subjects of two groups were matched by age and gender, thus comparable and these may also not influence the study outcome measures (effect of trainings on comfortable preferred walking speed, maximal walking speed, step length, and stride length) (p< 0.05). Interpreting Cohen's d treatment effect size as d < 0.2 Small effect -mean difference is <0.2 standard deviation; d < 0.2-0.5 Medium effect -mean difference is 0.2-0.5 standard deviation; d > 0.5-1.0 Large effect -mean difference is 0.8-1.0 standard deviation; d>1 Highly Large effect -mean difference is >1.0 standard deviation. Table 2 shows that the mean scores of timed 10-m walk test with comfortable preferred walking speed in both groups improved significantly (p<0.05) after the training. Further, the treatment effect size (Cohen's d test) was found higher in group 2 (d=2.422) than in group 1 (d=0.805). In addition, pretest and posttest mean differences between the groups can be understood in Figure 2 . Table 3 shows that the mean scores of timed 10-m walk test with maximal walking speed in both groups improved significantly (p<0.05) after training. Further, the treatment effect size (Cohen's d test) was found higher in group 2 (d=2.357) than in group 1 (d=0.838). In addition, pretest and posttest mean differences between the groups can be understood in Figure 3 . Table 4 shows that the mean step length in both groups improved (p<0.05) after training. Further, the treatment effect size (Cohen's d test) was higher in group 2 (d=3.977) than in group 1 (d=1.628). In addition, pretest and posttest mean differences between the groups can be understood in Figure 4 . Table 5 shows that the mean stride length in both groups improved significantly (p<0.05) after training. Further, the treatment effect size (Cohen's d test) was higher in group 2 (d=3.159) than in group 1 (d=1.628). Moreover, pretest and posttest mean differences between the groups can be understood in Figure 5 .
Outcome Measures Effect On Comfortable Preferred Walking Speed
Effect On Maximal Walking Speed
Effect On Step Length
Effect On Stride Length
Discussion
This study aimed to analyze the effect of a dual-task training program with instructional sets with two different priorities on gait parameters in patients with chronic stroke. This study revealed that it is achievable to implement individualized dual-task training in combination with traditional interventions, including different cognitive tasks in patients with chronic stroke. This study also showed that the patients with chronic stroke adhered to the instructional sets of attention focus and also learned to comply with either variable or fixed priority instructions. The results of this study are consistent with those of other studies that revealed the importance of attention resources used in dual-task training and prepared the background for the use of strategic plan to train the balance. 23, 27 In our study, the participants of the group 2, who focused on variable priority instruction sets, learned and retained the task faster than the participants of group 1, who focused on dual-task training with fixed priority instructional sets. It could be understud by previously published study which revealed that after training, the processing demands of participants were needed to accomplish the task less when their attention was shifted between two tasks as similar in dual-task training with variable priority instruction group. 27 In addition, previous study reported that the optimization of interaction among visual, somatosensory, and vestibular systems results in balance improvement in adults of 65 years of age and older. Interestingly, the same study also proved that the deteriorating balance function could be reversed with the help of balance training. 34 Another study suggested that the incorporation of both motor and cognitive tasks as dual-task training brings a significant improvement on balance and daily living abilities among patients with stroke. 35 The data support our experimental hypothesis that dualtask training with variable priority instructional sets is more effective than that with fixed priority instructional sets in improving gait parameters in patients with chronic stroke. The results of the inter-group comparison after 4-weeks post-training sessions revealed the progress for both groups 1 and 2. Group 2, those trained with variable priority instructional sets, reported more improvement than group 1, those trained with fixed priority instructional sets in gait velocity, step length, and stride length of the patients with chronic stroke. Evidence supports that the temporal motor parameters improved when subjected to external auditory cues while walking and pointed out the auditory paced stimulation as a novel and inexpensive tool that brought the improvement in gait parameters and gait rehabilitation in patients with Parkinson's disease. 27 That is why we chose a rhythmic auditory tone discrimination as an important component in our study protocol. 27 Task-coordination skills are developed by practicing the two tasks together, rather than practicing a single task at onetime. 21 Dual-task performance is improved through the efficacious integration and coordination between two tasks while practicing dual-task training. 22 Though, individual-task performance gets automatized upon practicing only one task (single-task training) at onetime. 28 Notably, the results of a previous study revealed that the effect of dual-task training on dual-task performance was retained until the 12-week followup among the participants who received dual-task training with variable priority instructions. However, the effect of single task-training on individual-task performance was maintained till the 12-week follow-up among the participants of both groups who received dual-task training with fixed and variable priority instructions, respectively.
23
Our result points towards the role and importance of the instructions/commands while performing balance control training under dual-task settings. Similarly, one study reported that the participants of dual-task training with variable priority instructions had benefited more over the participants of dual-task training with fixed priority instructions and found their participants learned to coordinate among two tasks as well. 22 Although after completion of their training sessions, the processing demand needs less to perform the task when participants were subjected to shift their attention between two tasks as recommended in dualtask training with variable priority instructions sets. This could be why the training effect enabled one group of participants who received variablepriority instructions to learn the task faster than the other group of participants who received fixedpriority instructions at 2 weeks of training and retain the effects of training for a longer duration of 3 months. 22 Previously, many studies have reported the beneficial effects of dual-task training over single-task training on balance in older adults and highlighted the significance of balance-related instructional sets on learning. 27 According to the task-integration hypothesis, practicing two tasks together allows participants to develop task co-ordination skills. 23 Dual-task training has been used as it suggests that the sensory-motor processing essential for motor control requires attention resources. 27 Schwenk et al studied the effect of a specific dual-task training in geriatric patients with mild-to-moderate dementia and revealed that it is effective in increasing dual-task performance while walking. 36 Verghese et al conducted a study to examine the effect of cognitive remediation on gait in sedentary seniors and suggested that cognition remediation improves mobility in older adults. 37 McCulloch et al concluded that patients with Parkinson's disease, Alzheimer's disease, and multiple sclerosis have difficulty in performing dual tasks. 34 Furthermore, few researchers supported the efficacious effect of dual-task training on non-balance concerning tasks and comparative importance of instructional sets on learning ability. 38 In our study, balance control was affected in diverse ways when the participants underwent different instructional sets under dual-task training. We even demonstrated an improvement in functional balance tasks with variable priority instructions following 4 weeks of dual-task training. Increased in the ability to allocate attention (e.g. dualtask processing skills) that resulted in the improvement of dual-task performance for a new and untrained stimuli, this skill can be recognized to other dualtasks those are indirectly trained. Therefore, definite instructions towards attention focus should be integrated when the therapists determine to train balance under dual-task conditions. 23 As per the task-coordination and management hypothesis, it is very crucial to coordinate and manage multiple tasks during a dual-task performance, especially in older adults as this ability reduces with age. These factors/outcomes of aging recommend that dual-task training with instructional sets for balance control should be considered for patients with chronic stroke. Variablepriority instructional sets had an efficacious effect even on a novel (untrained) dual task.
The results of this study revealed that the improvement achieved in the balance component was greater in group 2 who received dual-task training with variable priority instructional set than in group 1 who received dual-task training with fixed priority instructional set in patients with chronic stroke, which is consistent with other studies. 23, 35, 38 This study examined the feasibility of our training approaches and to validate that patients with chronic stroke could, in fact, adhere to instructional sets. It will also help in giving some concrete information about the effectiveness of instructional sets either with variable or fixed priority in improving the gait parameters of the patients with chronic stroke. Since the study fulfilled the demand of required sample size (n>28) to be effective, the results of this study might be useful to generalize among the physiotherapists while considering the treatment of balance impairment in patients with chronic stroke and community-dwelling older adults except significant neurological and musculoskeletal condition exhibiting cognitive decline.
Our study had few limitations despite its strength. The study had a short duration of intervention and did not assess the training affect at follow up; increasing the training duration and assessing the training effect at follow up might bring more improvement in the outcome measure and establish the long-term effect of the training interventions. Further, our study was not double-blinded that might affect the results of the study. In addition, we used a rhythmic auditory tone task during the training session in our study that influences the preferable walking speed in people, as certainly in patients with Parkinson's disease. However, we didn't assess separately its influence on the comfortable preferred walking speed of the participants in our study.
Conclusion
This study hypothesized that dual-task training with variable priority instructional sets may be more effective than that with fixed priority instructional in improving gait parameters in patients with chronic stroke. The hypothesis was validated, and it was observed that dual-task training with variable priority instructional sets is more effective in improving gait parameters such as gait speed, stride length, and step length in patients with chronic stroke.
Relevance To Clinical Practice
The instructional sets (variable/fixed priority) were a crucial contributing factor to the improvement in dual-task performance. The variable priority instructional set presented benefits over the fixed priority instructional set in terms of learning rate and longer retention time for the skills obtained during training.
Physiotherapists should spread awareness and also add this specific set of exercise (variable priority instructional set) into their treatment's interventions while treating the patients with chronic stroke.
Further research is required to recognize the length of training benefits (follow-up) that are sustained among patients with chronic stroke due to ruptured MCA and what surplus approaches (home exercise program) are important to sustain and maximize the benefits of the training. Some other outcome measures could be added/ used for balance control during gait cycle, such as the center of mass (COM), center of pressure (COP), and inclination angles (IA) in patients with chronic stroke (ruptured middle cerebral artery). Other gait variables, such as step width, cadence, and rate of response, could be evaluated. Since motor learning is long-term skills acquisition, more specific assessment tools such as retention test or transfer test are needed to understand the training effect (relatively permanent change) on motor learning performance in patients with chronic stroke. Furthermore, a more definite strengthening and proprioception-enhancement study protocol could be integrated with this training method. Additional research is needed to understand the effect on other orthopedic conditions.
